Abstract. The evaluation of the seismicity in 24 seismic regions, in which Turkey and adjacent areas divided, is carried out. For this purpose two methods are adopted. The first is the "whole process" which follows the Gutenberg and Richter distribution frequency-magnitude law, while the second one is the "part process" which is well known as the theory of extreme values. This theory was developed by Gumbel in order to solve many geophysical problems. The first asymptotic distribution of extremes was used in the present study. The advantage of the method is that it does not required analysis of the whole data set. It uses, instead, the sequence of earthquakes with the largest magnitudes in a set of predetermined equal-time intervals. The parameters a and b were estimated from both methods. For the goodness of fit, to the Gutenberg-Richter frequency-magnitude law, the maximum likelihood approach is applied. The b-values calculated from Gutenberg and Richter frequency-magnitude law, reveal a better fit to the tectonic environment of the 24 seismic regions of Turkey and its surroundings examining in this study. On the other hand b-values evaluated from Gumbel's first distribution, do not adjust to the particular tectonics of the 24 seismic regions. The modal value a 1 /b adopted from Gutenberg-Richter for the 24 seismic regions were calculated, as well.
Introduction
Many quantitative methods have been applied over the years to estimate seismicity in various regions of the world. The most popular methods used are the Gutenberg-Richter law and the Gumbel's asymptotic distributions. The latter has many advantages. One of them is that it takes into account only the largest magnitude from a predetermined set of equal-time. These arbitrary time intervals are usually determined by the rate of seismicity in the area under investigation. The time interval is some times selected to automatically exclude foreshocks and aftershocks (Yegulalp and Kuo, 1974) . There were different opinions on the use of Gumbel's method for the seismicity evaluation. Kaila and Narain (1971) suggested that because the Gumbel's process used great earthquakes during pre-determined periods it is therefore not an ideal criterion for seismicity of seismic hazard assessment. On the other hand, Bath (1973 Bath ( , 1975 Bath ( , 1983 declared that the dependency of the process (Gumbel) on the occurrence of great earthquakes is the principal advantage of the method, since the magnitude of the great shocks are more accurately determined historically than those of the small ones.
Turkey is a country of high seismicity with a complicated tectonic regime. Tsapanos and Burton (1991) ranked Turkey in the tenth position between 50 seismically active countries of the world, in respect of its seismicity using for this purpose the Gumbel's extreme theory. The parameter used is the magnitude of the earthquake which is most likely to be largest during 85 years. For Turkey, this magnitude is 7.7 and is in the same position with Colombia, Honduras, Panama and Iran.
A large number of studies on a and b parameters have been presented since Gutenberg and Richter introduced their law about the earthquake magnitudes distribution. The accurate estimation of these parameters is of primary importance because the evaluations of the seismicity depend on them. The parameter b is one of the most known and used for various purposes or comparison reasons. The literature has a lot of such publications. The b parameter is considered to be closely related to tectonic characteristics of a region (Hatzidimitriou et al., 1985; Wang, 1988; Tsapanos, 1990) . It seems to be in close connection with the geological age of an area (Allen et al., 1965) . Tsapanos (1990) found significantly different b-values in east and west Pacific and suggested that this is related to the difference in the mechanical structure of the material in each area, as well as to their tectonic evolution. Manakou and Tsapanos (2000) suggested that low b-values are related to low degree of heterogeneity, large strain rate, large velocity of deformation and therefore large fault. On the other hand there are evidences (Yılmaztürk et al., 1999; Bayrak et al., 2002 ) that a and bvalues do not always supply much information about the tectonics of an area. They suggested that the ratio a m /b (modal value) is much better for understanding the seismicity and the tectonic regime of a region.
The paper confines itself to the estimation of seismicity parameters a, b, as well as the modal values a 1 /b values in 24 seismic regions in Turkey and the adjacent areas and to find out which of them has better correlation with the complicated tectonics of the examined area.
Tectonic settings and data
Turkey is one of the most seismically active regions in the world and lies within the Mediterranean part of AlpineHimalayan orogenic system. This system runs through a mean west-east direction from the Mediterranean to Asia. The compressional motion between Europe and Africa produced the Alpine orogeny, whereas the Himalayan orogeny has resulted from the India-Asia collision. African, Eurasian, and Arabian plates are three major plates surround Turkey, and two generally acknowledged minor plates are Aegean and Anatolian, as shown in the neo-tectonic models of McKenzie (1972) and Dewey et al. (1973) .
The most important tectonic environments in Turkey are the Aegean Arc, the West Anatolian Graben Complexes (WAGC), the North Anatolian Fault Zone (NAFZ), the East Anatolian Fault Zone (EAFZ), the North East Anatolian Fault Zone (NEAFZ) the Bitlis Thrust Zone (BTZ) and the Caucasus. The motion between Africa and Eurasia is not taken up one plate boundary, but is carried by the motion of the Aegean and Turkish plates. The Aegean arc system plays an important role in the geodynamical evolution of the Aegean region. Convergence between the African and Anatolian plates in the Eastern Mediterranean takes place by subduction along the Aegean and Cyprus arcs (e.g. McKenzie, 1978; Papazachos and Comninakis, 1971) . The African Plate is descending beneath the Anatolian Plate in the N-NE direction. NAFZ is one of the best known strike-slip faults in the world because of its remarkable seismic activity, extremely well developed surface expression and importance for the tectonics of eastern Mediterranean region (Ş engör et al., 1985) . EAFZ was first described by Allen (1969) and this fault zone is a transform fault forming parts of boundaries between the Anatolian and the Eurasian plates, as well as between the Arabian and African plates. It is considered as a conjugate structure to the NAFZ. The Bitlis Thrust Zone is a complex continent-continent and continent-ocean collisional boundary that lies north of fold-and-thrust belt of the Arabian platform and extends from southeastern Turkey to the Zagros Mountains in Iran (e.g. Ş engör, 1979; Hempton, 1985) . At the eastern end of the Turkish plate, the motion is taken up by thrust faults associated with the Caucasus. The result of this geometry is a thickening of the continent throughout the active region, which continues to elevate the Caucasus. Thrusting in eastern Turkey and the Caucasus transforms to strike-slip motion between the Turkish and Eurasian plates at the eastern outset of the NAF (Erdik et al., 1999) . Figure 1 shows the major tectonic structures of Turkey modified from Ş aroǧu et al. (1992) . It is necessary a complete comprehension of the historical and instrumental seismicity, tectonics, geology, paleoseismology, and other neotectonic properties of the considering region for an ideal delineation of seismic source zones. But, it is not always possible to compile detailed information in all these fields for the majority of the world. Thus, frequently, seismic source zones are determined with two fundamental tools; a seismicity profile and the tectonic structure of the region under consideration (Erdik et al., 1999) . It is suggested by several authors that seismic source zonation is a widely used methodology to determine the earthquake hazard and numerous studies performed. The seismic source zones used in this study are defined according as Bayrak et al. (2008) 1 as shown in Fig. 2 . Also, epicentral distributions of the earthquakes in and around Turkey are shown in the same figure  (Fig. 2) . The seismic source regions numbered from 1 to 24 and some other parameters that concern these regions for the seismicity analysis are given in (Bayrak et al., 2008 1 ). The magnitudes in the final catalogue are M S -surface wave magnitude. The time interval considered for the present work ranged between 1900 and 2005. The study is restricted only in shallow earthquakes (depth<60 km) and is consisted of 69 339 events.
Instrumental period in which earthquakes were being recorded with a few seismic stations has started at the beginning of 1900 in Turkey. In other words this period constitutes the first half of the instrumental period. Seismological Observatory of KOERI provides and the real time data with the modern on-line and dial-up seismic stations in Turkey. The seismological division of the KOERI determines, as rapidly and accurately as possible, the location and magnitude of all earthquakes. Each station of KOERI is equipped with a highgain seismometer. Averaged uncertainties in the hypocenter locations of the earthquakes are about 2-3 km. In this study, we did not relocate the hypocenters of events and we used the hypocenter locations of earthquakes provided by KOERI. There are four earthquakes with magnitude M S ≥7.5 as shown in epicentral distribution of the earthquakes in Fig. 2 . Rhodes earthquake, 1926 with M S =7.7; Erzincan earthquake, 1939 with M S =7.9; Ç aldıran-Muradiye (Van) earthquake, 1976 with M S =7.5 andẎzmit earthquake, 1999 with M S =7.8 are the largest earthquakes in the catalogue. Erzincan andẎzmit earthquakes are related to NAFZ but Rhodes and Van earthquakes are related to Aegean arc and MESF, respectively. Also the other larger earthquakes between 7.0 and 7.5 are observed in the Aegean region and NAFZ. On the other hand, large earthquakes are not observed in BTZ and EAFZ. The smallest earthquakes in the catalogue are the 1995 Cyprus Region earthquake, M S =5.2 and the 1915 Ş anlıurfa earthquake, M S =5.4 and the number of earthquakes in these regions is also quite little, smaller than 20 events.
Brief descriptions of the methods applied
The distribution of earthquake magnitudes in time and in size is generally processed by two methods: a) using the whole available data and b) using the extreme value magnitude. The latter based on the Theory of Extreme value statistics as developed by Gumbel (1935 Gumbel ( , 1966 and used in many application in order to solve scientific, as well as practical problems (e.g. floods). Generally the theory of extremes is formulated under the assumptions that: a) the prevailing conditions must be almost the same in future and b) observed largest values are independent of each other. Irrespective of the parent distribution, the extreme value distribution must take one of three forms. In the present study we applied the first type asymptotic distribution of extreme values. This type is unlimited in both sides.
According to the theory we can consider the magnitude x of an earthquake as a random variable with CDF (cumulative distribution function) of the form:
From the theory of probabilities and according to Gumbel (1966) , it is resulting that the CDF of G(M j ) of the maximum annual magnitude is of the following form: Epstein and Lomnitz (1966) added to the first assumption of Gumbel, a second one which refers that the number of magnitudes in a year is a variable of Poisson distribution with a mean α, and then Eq. (1) becomes:
where β is a parameter. In this way the CDF of G(M j ) of the maximum annual magnitude takes of the following form:
where G(M j ) is the probability that an earthquake magnitude within a year to have a value M j or lesser than it. Equation (4) can transform in:
which is of the same form with the equation of GutenberRichter (G-R), concerns the distribution of magnitudes. The parameters a and b of G-R related with α and β by:
If we substitute the products of Eq. (6) in Eq. (5) we have:
which is the mathematical expression of first type of Gumbel distribution. It is difficult to have 1-year extremes especially in the catalogs of past (e.g. beginning of 20th century). For this reason our data set is divided into a number of k-years extremes (k=2, 3, 4,. . . years) and this is represented by a k in Eq. (8). In this case the 1-year extreme, a 1 (Eq. 8) is calculated from the known relationship:
where k≥2. Let assume that M j are simply the extreme magnitudes during n successive years and ranked in order of increasing size. The plotting point probability value of the j-th observation is evaluated through Gringorten's (1963) 
where j is the rank and n is the number of observations. Equation (9) is the most proper one for the 1-type and 3-type asymptotic distribution of extremes (Burton, 1979) . The commonest description of earthquake occurrence is provided by the Gutenberg-Richter law. The parameters currently used for quantitative evaluation of seismicity are the well-known ones, a m and b, of the magnitude frequency relationship introduced by Gutenberg and Richter (1944) :
where N is the expected number of earthquakes which occur in a region during a given time period in relation to their magnitudes, M, where m, is the number of years covered by the data sample The parameter b depends on factors like the mechanical heterogeneity and the density cracks in the medium and on the state of stress in a region (Mogi, 1967; Scholz, 1968) . The parameter a m depends on the seismicity of the area, on the time interval for which we have reported events and also on the surface area S outlined by the epicenters. For Y. Bayrak et al.: Seismicity Assessment in and around Turkey seismicity study purposes usually a m is expressed in 1 year by the equation:
where m is the whole time period covered by the data set. Because of Eq. (11), relationship (10) transforms to:
where M is the magnitude of earthquakes and N is the expected number of earthquakes per year greater than or equal to M.
The most probable maximum magnitude M t , which occurs in an area during a time period t, is given by the relation:
and for t=1 years this becomes M 1 =a/b, which is the modal magnitude, and represents the most probable maximum magnitude for 1 year (Curtis, 1973) .
Results
In order to evaluate the seismicity parameters through Gumbel's I-type we have firstly to estimate the time period of available data (earthquakes) in each one of the 24 seismic regions. This time period is listed in Table 1 . Annual extremes are seen only in few occasions, and generally we have extreme intervals of duration of N-years (Burton, 1977) and these intervals referred as "extreme years". On the other hand (Burton, 1979) suggested that in the case of N-year extremes if the missing entries (years) must be less than or equal to 25% the parameters of Gumbel I or III distribution may be estimated without noticeable loss of accuracy. Then we estimated the extreme years and the percentage (%) of the missing years (≤25%) in order to obtained reliable results, as we aforementioned. The cut-off magnitudes derived from the completeness analysis of the earthquake records of each seismic region is of importance. This was assessed by dividing the whole time period of a seismic region into subperiods and observing the rate of change of the cumulative number or reported earthquakes, above a threshold magnitude with time. For some regions, we can see very small magnitudes (e.g. region 4, cut-off 1.2). This of course does not mean that we have data with cut-off ≥1.1 since 1900 when our catalogue starts. Considering as an example region 4, the completeness is: for time period t≥1908 the cut-off magnitude is m≥5.5, for t≥1965 m≥5.0, for t≥1975 m≥4.0, for t≥1995 m≥3.0 and for t≥2003 m≥1.1. The cut-off magnitudes are obtained for both methods. We observed that the cut-offs obtained through each method are different and of course this is due to the difference of the theoretical sense of the two methods (Gumbel and Gutenberg-Richter) . The magnitude threshold in the 24 seismic regions ranged between 3.4 and 5.0 for Gumbel's distribution, while the minimum cut-off magnitudes obtained from G-R method ranged between 1.1 and 4.1 (details in Table 1 ). The time period examined covers all the earthquakes occurred after 1900. Maybe this time is not adequate to capture M max (which might occur during historical era), but Turkey and adjacent area is an active seismically territory and large earthquake occurred form time to time even in modern times (e.g. 1999, Izmit, M S =7.8). In Table 1 we also listed the maximum observed earthquake M obs max during the covered time period. Then using the above referred methods, Gumbel I and G-R, the seismicity parameters a and b-values were calculated. Two methods are the commonest: a) the least squares and b) the maximum likelihood. The latter used for the purpose of this study.
The method of maximum likelihood estimates the parameter b and its 95% confidence limits (Page, 1968) . The condition that b-value estimates are reliable when the difference between the maximum and the minimum magnitude in the data set is greater than or equal to 1.4 (Papazachos, 1974) , was adopted. The b-value from a sample of n earthquakes with magnitude m ranging from m max to m min is given by:
where m is the average magnitude of the sample and b =b/log 10 e. Equation (14) is used when m max is finite and independent of the length of magnitude interval m max −m min . It is also valid for small magnitude intervals and rather small number of events. Under the assumption of no uncertainty in m, the 95% confidence limits for b-value are computed from the relation (Page, 1968) :
where b =bln10. The results of the values a and b (with their standard deviation), estimated through the maximum likelihood approach, are listed in Table 2 . The b parameter is considered to be closely related to tectonic characteristics of a region (Hatzidimitriou et al., 1985; Wang, 1988) . The b-values obtained by G-R application vary between 0.58-1.00. On the other hand b-values calculated through Gumbel distribution ranged between 0.51 and 1.18. There is no a clear correlation between the values evaluated through both methods (Fig. 3) . The relation existed is:
In order to clarify that the two groups of b-value (from G-R and Gumbel I) belong to different population the F-test is applied. The average of G-R is AVE1=0.76792, while the average of Gumbel I is AVE2=0.72333. The corresponding variation for the sample comes from G-R is var1=0.01409 and for sample comes from Gumbel I is var2=0.03190. The probability of the two samples to come from the same population is PROB=0.0000896. This means that the two samples are absolutely different. We also calculate the quantity a 1 /b (modal value). It is well-known that this represents the most probable maximum magnitude to be observed in time interval of m-years. Because the time duration of each seismic zone is different, we estimated a 1 /b which is the most probable magnitude in a time interval of 1 year. The modal values used as a statistically measure of seismicity (Papazachos, 1990; Papadopoulos and Voidomatis, 1987) . In our study, this varies between 2.50 and 5.19 (G-R) and between 1.5 and 4.27 (Gumbel I) . We observed that the values obtained through G-R technique are greater than the corresponding values of Gumbel I. This can be easily proved considering that the most of them concentrated, for Gumbel I, between the values a 1 /b=3.00-4.00 (13 observations), while we have 15 observations between values a 1 /b=4.00-5.00, in the G-R process. 
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. 4. The distribution of the magnitude-frequency relationship obtained through Gumbel 1 method for 24 regions in and around Turkey Fig. 4a . The distribution of the magnitude-frequency relationship obtained through Gumbel 1 method for 24 regions in and around Turkey.
Discussion and conclusions
The b-value for a region not only reflects the relative proportion of the number of large and small earthquakes in the region, but is also related to the stress condition over the region. Many factors can cause perturbation of the normal b-value. On average, b-value is near unity for most seismically active regions on Earth (e.g. Frohlich and Davis, 1993) . However, a detailed mapping of b-value often reveals significant deviations. The spatial variation of b-values is related to the distribution of stress and strain (Mogi, 1967; Scholz, 1968) . On the other hand, high b-values are reported from areas of increased geological complexity (Lopez Casado et al., 1995) indicating the importance of multifracture area. Thus, the low b-value is related with low degree of heterogeneity, large stress and strain, large velocity of deformation and large faults (Manakou and Tsapanos, 2000) . In this study we made an effort in order to evaluate of seismicity parameters of Turkey. For this purpose, Turkey was divided into 24 seismic regions shown in Fig. 2 and the data including in the instrumental period between 1900 and 2005 were used. The seismicity parameters of a and b are estimated from Gutenberg-Richter law and Gumbel first asymptotic distribution for whole areas referred above.
The tectonic environments, the time period and observed maximum earthquake size (M obs max ) for each region are given in Table 1 . The extreme years (k) and percentage (%) of missing years are listed in Table 1 for each region. The maximum likelihood approach have been used in order to estimate a and b-values for the G-R method. Generally, the magnitude-frequency relationships are expressed by a straight line. Because of incompleteness in the record of small earthquakes, the data deviate from a straight line in some regions. Therefore, relationships have been calculated for earthquakes larger than cut-off magnitudes, while their cut-offs are given in Table 1 for each region. As mentioned in method chapter the optimum data processing is to involve with annual extremes. This is not so easy given that time "gaps" existing in earthquake catalogs for various reasons (e.g. world-war). That time "gaps" are called (Makropoulos, 1978 ) "missing years" and defined the number of years without reported earthquakes. For this reason we accept kyears extremes instead of annual ones. In order to go for further processing we put 3 criteria: a) the results are significant when "missing years" are less than or equal to 25% (Burton, 1979 ) the obtained b-values must be between 0.5-1.5. The least square fitting process is checked by the application of the x 2 -test. We adopted the b-values where those x 2 -test is minimized, and c) the pairs of the plot [Log(−lnG(M j ))-M j ] must be greater than or equal to 5 (Hatzidimitriou et al., 1994; Tsapanos and Papazachos, 1998) . The calculated parameters of the magnitude-frequency relationship from Gumbel I method are shown in Fig. 4 and computed parameters and their standard deviations are given in Table 2 .
The b-values estimated through the maximum likelihood approach for the G-R method seem to have better relation to the tectonics. In other words approximate b-values are dominated in regions having almost the same tectonics. In details, regions 1, 2 and 3 have similar values (0.74, 0.76 and 0.78), respectively. This can related to the position of these regions which are neighbors with the easternmost part of the north Anatolian fault. The conjugate strike-slip fault system dominates the active tectonics of eastern Anatolia related to these regions (Bozkurt, 2001 ). This system is an approximately 350 km long fault zone and consists of several segments which are seismically active and generates ma- that these regions are connected with the east Anatolian fault zone (EAFZ), which is not as seismically active as it is the NAFZ. Unlike NAFZ, EAFZ covered by region 6 has been relatively quiescent in the instrumental period when compared to historical epoch (Nalbant et al., 2002) . The data used in this study includes only instrumental period earthquakes occurred from 1900 to 2005. Since the large earthquakes such as 1893 Malatya earthquake (M S =7.1) did not occurred in the instrumental period. Also, sinistral motion in the EAFZ is 9±1 mm/yr (McClusky et al., 2000) . According to the fault slip rate and observed seismicity in the twentieth century, it is observed larger b-values in these regions than those of regions 1, 2, and 3. The regions 7, 8 and 9 are not related with the tectonics of their neighbor regions and we conclude that they are independent regions from each other, having their "own" tectonics as we can read from their b-values which are 0.79 (region 7), 0.60 (region 8) and 0.98 (region 9). Although the seismic activity of region 8 is very low, we observed low b-value due to small number of earthquakes in this region (Figs. 4 and 5) . It is interesting that regions 10, 11 and 12 have similar values, 0.74, 0.78 and 0.79, respectively. All of them belong to arcs (Cyprus and Aegean), as well as to subduction zones. It is also very thought-provoking that region 13 which has no relation with subductions has a b-value of 1.00; nevertheless it is very near to such tectonics. Another fascinate group of similar bvalues exist for regions 14 (b=0.75), region 15 (b=0.76), region 17 (b=0.79) and region 19 (b=0.75). These regions partially belong to the east Aegean Sea and their continuations are on minor Asia shores. These regions are very seismically active and earthquakes with magnitudes around 6.0 often occurred there. These b-values tend to be associated with regions of predominantly seismic deformation (Koravos, et al., 2003) . We can therefore conclude that these values are closely associated with the high deformation existing in the eastern part of Aegean. It is impressed that regions 16 and 18 which are parts of the inner Turkey territory have different b-values, 0.63 and 0.64, respectively. The major faults in NAFZ comprised. According to Scholz (1968) , low values indicate that the state of stress is high. But in 1999, during August and November, two large earthquakes occurred in the region 20 and of course the level of stresses in the region should be not so high now. It is depicted from Fig. 2 that region 20 is dominated by the western continuation of the north Anatolian fault into the north Aegean sea where the seismicity is very high. Koravos et al. (2003) determined a maximum magnitude of this region of 7.4±0.4 by the seismic moment release rates. Their estimate was constrained by tectonic moment release based on geodesy. Generally speaking the NAFZ is a very active structure and according to geodesy accommodates 24-30 mm/yr of dextral motion (Reilinger et al., 1997) . This observation interprets our results, obtained by both methods (low b-values), and lead us to the conclusion that even after the occurrence of the two recent large earthquake, the NAFZ remains a tectonic structure of high risk. In order to establish if modal values a 1 /b have better fitting to the tectonics, instead of b-values, the modal values for 24 seismic regions were evaluated. These modal values are listed in Table 3 . As it was observed there is not any obvious correlation between modal values and the tectonics. Almost the same values occupied the seismic regions examined. There is no any clear grouping of these values as it was found for the b-values. For example region 5 which belongs to the same group with regions 4 and 6, according to the bvalues, has the lowest value, a 1 /b=2.50, while regions 4 and 6 have totally different modal values, 4.72 and 3.81, respectively. However, some characteristic values were observed for some particular regions. Region 21 which occupies the most part of NAFZ shows the largest value which is 5.19 and this is the most probable annual maximum magnitude for the region. It is also important that the modal value of region 12 (Aegean arc-subduction) has the second largest size which is 5.01. Both of them considered as the most seismically active zones among the studied seismic regions. All of the rest regions show rather lower than 5.00 modal values, and the nearest values observed in region 17 (4.79). Another useful observation, for the groups extracting from b-values, is that regions 22 and 23 have values of the same order 3.68 and Table 3 . The general conclusion we can make is that b-values, obtained through the maximum likelihood approach, express better the tectonics of the examined area. They are form groups of closely b-values, which seem to be correlated in a high degree with the prevailed tectonics of the seismic regions under investigation. Modal values express the seismicity of the area but they are not connected directly to the tectonics.
